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'SECTION 13
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|
VERIFICATION OF THE INFINITE IMPULSE RESPONSE FILTERS IN REAL-TIME

Two sets of data are presented here. Neither of them show the expected

results, presumably because of the fixed time delay going through the filter.

Figure 13-1 shows the amplitude and phase portions of the transfer func-
tions for the lowpass Butterworth filter. The magnitude portion of the trans-
fer function is s}milar to that produced by the Burroughs 6700, but the phase
portion of the transfer function does not agree at all. It vesembles what
might be expected from a lowpass analog filter.

Figures 13-2 and 13-3 show the results for the bandpass Chebychev filter.

Here again, the results were differcnt from what we expected after studying

the Burroughs 6700 plots. Hopefully longer tests will verify the Burroughs

6700 results.
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Perhaps the most interesting of the IIR filters tested was a 0.015-0.045 j %
. iz notch filter. Figure 13-4 shows the notch found in the overnight test. 7The § §
%otch did not appear in the short test in Figure 13-5. % 3
1 The results shown in Figures 13-6 and 13-7 are remarkable. Thie was a ?
}ong overnight test of the same 0.015 -~ 0.045 Hz IIR notch filter. The linear %
phase lead was the result of the Biomation anti-aliasing filter being used in %
; passive mode (bf). The lead is real. What is perhaps even more remarkable, §
although the data is not presented here, is that when the input and output é
filters were reversed, the result was a flat transfer function with a slight f
amount of lag, but not nearly so much lead as is shown in Figure 13-6. This ?

shows that digital and passive analog filters may be used together to achieve
remarkable (linear phase lead!) results. It also shows the nonlinear effects g
of using the two types of filters together. They obviously do not commute. g
g
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Optical slip rings are totally compatible with the modern laboratory
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trends toward digitizing the data as close to the source as possible and using

; automated mini-computer data acquisition systems.

The microprocessor based digital filter work for isopad seismic vibration

control is summarized in this report.
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SECTION 14

SUMMARY OF ISOPAD DIGITAL FILTER WORK FOR ISOPAD CONTROL

|
!
|
!
\
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i

Using the four techniques as summarized below we were able to identify
various types of digital filters which show significant promise for isopad

control. These four techniques were:
1. Recursive digital filters analogous to common analog filters.
2, Variable time delay filters.
3. Finite Impulse Response Filters.
4, Infinite impulse response filters.

0f these four approaches the last was by far the most successful. These vere
the filters designed using the MAC/FIL digital filter design software packape
from Agbabian Associates. It is perhaps somewhat ironic because infinite im-
pulse response filters have a reputation for having wildly fluctuating and quite
unpre&ictable phase transfer funcitons. I say reputation because very'littln
information is available either from the literature or from those familiar with
digital filters. It was found, though, that these digital filters had nice

ramps of phase lead which would be ideal for isopad control.

Reviewing the results of the other types of filters, the recursive digltal
filters yilelded results which were very similar as expected to the analog filters
of the same difference equations. Also as expected, they producted the pre-
dictable lag of the same magnitude as the corresponding analog filters. Thi#
was predicted and served to verify the digital filter execution programs, which
was the intended result of these programs. These filters also yielded valuable
information relative to the highest speed that we could expect a digital filter

to be executed in real time using the pdpll/45 computer.

The "raw"‘digital filter execution program, which actually consists of the
FORTRAN execution program configured to put out exactly the same value to the
Datel 256 as it reads from the LPS 11 in the fastest mauner possible with no
arithmetic manipulations or filtering, the IDAC.MAC, the assembly language
Datel 256 driver, would run at about a 113 Hz sample rate. With a very simple
digital filter, such as a simple recursive digital filter which only simulates
2 simple one-stage passive KU filter, the program runs at about 100 Hz. This

Speed is really not adequate for uwany applications fer the isopad controlier,

81
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In particular, since the frequency range of most interest for isopad control is
the range from 1 Hz to 20 Hz, this makes a very difficult situation, especially
vhen lead is required. Suppose at 20 Hz we have a minimum time delay between
sample in and control signal out of 10 milliseconds. This is an almost insur-
wountable handicap when lead is desired. For this reason we were limited to

test the filters usuvally at a maximum sample rate of 1 Hz. This was done with

the idea that, vhile the filter execution program
cient in the way the FORTRAN code was compiled to

compiler by writing an assembly language program,

could not be made more effi-
object code by the optimized
perhaps the sampling could be

3
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scheduled in such a way that required much less software overhead. The sampling
node using the LPS software to schedule the samples was chosen because it offered
most accurate sample spacing. Sample spacing uniformity is absolutely critical
in digital filtering because any "jitter" can cause a very spurious frequency
response. But, the LPS software uses a large amount of processor time relative
to the time needed to execute the filter itself. The slowed sample rates were
advantageous in that tests could be run without interfering with the multi-user

aspects of the pdpll/45 system, but they made the filters more or less useless

for real-time applications.

The variable time delay filters were also found to be of little value.
The predicted lead turned out to be variable magnitudes of lag because the
delay through the filter at reasonable control sampling frequencies was greater
than the variable delay effect of the filter. These filters proved to be useful
in producing ail sorts of nonlinear sorts of lag filters of almost any rolloff

and phase plot shape required, but were of little use for the real-time appli-
cations.

The finite impulse response (FIR) filters proved to be very stable, and
the FIR filter coefficient synthesis program was successfully run on the pdp
11/45, which was never accomplished for reasons to be discussed with the IIR
filte: coefficient synthesis program. Suitable lead in real time was never
realized with this class of filters. The phase response was smooth and linear

as expected, but in real time the result was always lag.

The most surprizing result of the FIR filter test progran is that, like
the IIR filters, the FIR f{ilters produced unexpected results when used in con-
Junction or series with analog filters. Even when an ordinary analog lowpass
filter was used to smooth the stairstep output to the Datel 256 digital to ana-

log coaverter channel with a one-pole filter, the phase was made more positive
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than without the filter and the phase roll-off was far more gradual. This was
true even when a 200 Hz analog filter was used, which was far above the active
range of the filter. Even though lead was never achieved, this is one of the

several examples of the combination of analog and digital filters where an un-

expected results was obtained from the digital time series analysis.

The results of the infinite impulse response filters were perhaps the most

impressive,

The results of testing the infinite response (IJR) filters generated from
the MAC/FIL software package can be summarized very easily. The phase responses
obtained in the simulated runs were much better than could have been hoped for,
and the phase responses obtained in the real-time tests with the pdpl1/45 con-

trol loop and the Time/Data fourier analyzer were very disappointing.

Even filters like a lowpass Butterworth filter, which would be naturally

stable under all conditions showed lead. The lead.was not only positive with

respect to the 0° line, but actually had a positive slope over nearly two decades

of frequency. This of course gave us high hopes of building a real-time con-
troller, but because of delays through the processor or some unknown =ffect,

the phase was never realized in real~time.

Another very interesting IIR filter was the bandpass Chebychev. This fil-
ter would be useful in giving gain to a particular band remote from an isopad
resonance frequency. It gives nearly linear phase lead over nearly two decades
of frequency. Used in conjunction with analog filters, this filter gave much

promise, but again, its benefits were never realized in real time.

One of the filters which was of considerable interest because of the work
of Emil Broderson was the notch filter. Although the phase naturally exhibits
8 sharp transition near the notch frequency, the phase usually exhibits lead
before the amplitude falls off. Then, by using a sharp lowpass filter in con-
Junction with the filter, the lead can be utilized in a servo in a very bene-
ficial sense. This was true of the analog filter that Emil designed and built.
From the MAC/FIL simulation it appeared that this might be the case for the
digital filter as well. This was never realized in real time, except in one
fase in which the two channels of the Biomation anti-aliasing filter were used

“% passive filters in a special configuration described in the past chapter.
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This result was unique and showed that it was possible to utilize analog

and digital filters together to get more lead than you would expect from either
of them, or even the sum of their leads, taken individually. In particular,
even when a digital filter with lead was used with a low pass analog filter

with lag, the lead of the digital filter could be enhanced if the cutoff fre-
quency of the analog filter was sufficiently above the Nyquist folding frequency
of the digital filter. While we never found an analytical explaﬁation for this,

it was found to be very repeatable using the Time/Data fourier analyzer.

One of the frightening things that worried us at the onset of this project
was that experts warned us that in order to get lead from a digital filter, we
would probably have to use an infinite impulse response filter and that the
phase transfer function of this class of filters would probably have too many
wild fluctuations to be of any value whatsoever in a closed loop servo applica-
tion and could probably be used to advantage in a post-processor configuration.
This proved to be only half true. The infinite impulse response filters did
indeed prove to be the only class of filters we implemented that showed promising
phase characteristics. However, it is clearly not true that their phase trans-

fer function ; lots show any wild fluctuations that would make them unsuitable

for closed~loop servo applications
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SECTION 15

THE MOST SIGNIFICANT TECHYICAL CONTRIBUTIONS

The major accomplishments of this work period can be briefly summarized
as follows:

1. The invention, design, development, construction of a prototype, and
testing of an electronic fiber opti¢s communication system for bipolar
analog signals of data acquisition quality.

2. The invention, development, design, construction of a prototype

assembly, testing, and evaluation of a fiber optic slip ring.

3. The application of linear phase design techniques and finite impluse .
response (FIR) discrete-time or digital filters to the isopad
stabilization problem.

The analog fiber optics communication system has several unique features.
Among these are very low parts count and compactness, and more importantly, a
novel encoding scheme. The encoding scheme utilizes a combination of pulsé-
vidth-modulation (PWM) and voltage-to-frequency-to-voltage (V/F/V) conversion
to double the information transmittable through a fiber optic communication of
& specified pulse repetition rate. This is especially important in the case of
laser diodes since the pulse repetition rate is limited in most cases to
frequencies less than the maximum repetition rates of commerically available

voltage to frequency converters in integrated circuit form.

The high resolution fiber optics communications system (FOCS) uses the

thove techniques to reconstruct a +10 volt analog output signal from an identical
$10 volt analog input signal.

Data collected on a very general V/F/V system is presented to give the

dsigner information on V/F/V

system dynanics at frequencies much higher than

‘"ose considered to be in the V/F/V's system's useful range for data acquisition

*4 communication purposes. This data shows that the V/TF/V process may be

seful for servo loop applications at much higher frequencies than it is for

+ »
3¢ acquisition and data communicatlon applicatious.

The data on this system has proved to be of much interest and we have had
T fum . . . . . .
“wer of requests for iuformation from both military and civiljan organiza-
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tions on how to determine the effective data rates on voltage—to—frequéncy~to-
voltage systems and how to compare the informational content of the puises to
those of a digital analog-to-digital conversion and transmission system. The
joup dynamics of this system are obviously complex and nearly impossible to
analyze using a purely mathematical approach. This is why our results have
proven to be so valuable. Ve apparently have the only actual data since we are
apparently the only group which has had access to a Fourier analyzer while
testing avoltage-to-frequency-to-voltage system. By using the digital time
series analysis techniques of this device (primarily correlation, coherence,
and trancfer function analysis) we have some unique data on the performance of

this very popular class of devices.

Our work on optical slip rings has been very well received, partially
because. of the success of ouxr prototype optical slip ring assembly and pa-.ticu-
larly because of the well known shortcomings of mechanical slip rings or .
commutators as they are sometimes called. The mechanical slip rings commonly
used to collect data frow rotating tost fixtures suffer from such problems as
friction, backlash, continuity failures, wear-limited lifetime, noise, the need
for precious metals, and expensive and time-consuming preventive maintenance.
ihis report discusses a multi-channel fiber optic slip ring assembly which
avolds these problems. The assenbly is interfaced with digital systems and a
custom designed analog-~in, analog-out high resolution fiber optics data
communication system to provide the control and data acquisition functions
during automated tests of inertlal guidance components. We also did research
and reported on design tradeoffs between multiplexing and providing additional
optical channels for milti-channel operation and explored these alternatives

telative to currently availabie elcctronic, electro-optic, and optical
tooponents.,

The research and development effort on the mechanical slip rings shows
that optical slip rings are a practical alternative to mechanical slip rings
45l offer cost and performance advantages for signal transmission using
*tendard componets. Mechanical and electrical isolation are among the
l3"*'“‘-17511363 to be gaired. Mechanical and optical slip rings can complement one
*wither if mechanical slip rings are used for pover transmission and optical

Y . foed
tp rings are used for signal transmission.
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SECTION 16

SUMMARY OF THE PUBLICATIONS

Three publications have resulted from our research in collaboration with

FJSRL personnel in the areas of analog fiber optics data communications and
the fiber optic slip rings. Two of them have been published and the third is
now pending publication. The two that have been published have generated

enthusiastic responses from both civilian and military agencies.

The references to these publicaions are as follows:

1.

Grimes, G. J. and Stevens, D. R. "A High Resolution Analog Fiber

Optics Data Communications System," Proceedings of the SPIE,

Vol. 95, Modern Utilization of Infrared Technology II, 1976.

Grimes, G. J., Monaco, S. J., and Stevens, D. R. "Fiber Optic Slip
Rings for Totating Test Fixture Data Acquisition," Proceedings of

the 23rd International Instrumentation Symposium, Instrumentation in

in the Aerospace Industiry, Proceedings of the ISA (Instrument
Soclety of America), Lul. 23, 1977.

Grimes, G. J. and Stevens, D. R. "A High Resolution Analog Fiber
Optics Data Communications System,” to be published (accepted for

publication) in Optical Engineering, the technical journal of the

Society of Photo-Optical Instrumentation Engineers (SPIE).
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SECTION 17

SUMMARY OF THE PATENT PROCEEDINGS ON THE FIBER OPTIC SLIP RINGS

Kappa Systems, Inc., is currently working with a law firm to file a

patent on the fiber optic ..lip ring developed under this contract.

The search has been completed and there are no similar devices patented.

B8

Also, the law firm has verified that the device is patentable. We are

Epa e
S

SRS s e

currently working with Mr. Gene W. Stockman and Mr. Scott F. Partridge at the

=y

2ey

following law firm: ‘ .

Schuylexr, Birch, Swindler, McKie and Beckett -
One Thousand Connecticut Avenue
Washington, D.C. 20036

(202) 296-5500
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APPENDIX A

SUMMARY OF SOFTWARE

Two major types of programs were used in this effort: the filter coeffi~
cient synthesis programs and ghe real-iime filter execution programs. The
filter coefficient synthesis programs are large FORTRAN programs which palculate
filter coefficients for a filter given parameters such as the corner frequencies
and the weights for each band. The digital filter execution programs are small
FORTRAN programs which call an assembly language driver to handle the D/A output.
The filter coefficient synthesis programs used were of two types. These
vere: ,
1. AFinite Impulse Response (FIR) filter synthesis program.
2. An infinite impulse response (IIR) filter synthesis program.

The FIR synthesis program was taken from Theory and Applications of Digital
Signal Processing by Lawrence R. Rabiner, Prentice Hall, 1975. This program
was adjusted to run in an interactive mode in the 11/45. A listing of this
program is shown in Appendix D.

A

The TIR program used was one from the MAC/FIL software package. This
package was purchased in 1974 for DFEE (Dean of Faculty: Departmeat of
Flectrical Engineering) with about $5000 of FJSRL funds. This package con-

sists of three programs:

0

1. MAC/FIL: generaces coefficients for lowpass, highpass, bandpass,
and band-reject filters of many kinds, including Butterworth.
Chebychev types I and II, and elliptic..

2. MAC/APX: generates filter parameters from specified gain functions
input to it. Thus, it can be employed to generate matched filters,
Weiner-Hopf filters, or any type of filter defined by its ampli~
tude which cannot be generated by MAC/FIL.

3. MAC/SIM: simulates digital filters implemented in fixed point
arithmetic. Through its use many hardware design problems can
be answered without having to build special purpose devices.
The IIR filters veported on here were generated through the use of MAC/FIL.
u’i""!»"rogramrequirednumerousmodificatioms to run properly. Most of these
“ficarions were performed by Airman Gary Lear of FJSRL and Capt. Perry Cole

€
¢ the computer center.
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The MAC/APX program was never successfully run. Extensive modifications

will probably be required to run this program.

The MAC/SIM program was not needed since we could easily test the filter

response with the time/data fast fourier analyzer.

The MAC/FIL program was used exclusively on the Burroughs 6700 at the

Computer Center,

The MAC/FIL, MAC/APX, and MAC/SIM programs are not reproduced in the
appendices since the copyright of the software might be violated by this pro-

cedure.

The digital fllter execution programs are very similar except for the
actual filtering part which calculates the output from the appropriate sum of
the products. The filter execution programs are all.self contained except for
the I/0 drivers and haudlers. Although it would have been more convenient to
make the filter execution program be the same in all cases and merely call a
subroutine to execute a specific filter, the nonmodular approach was taken *o
fmprove filter performance. The subroutine call was found to just add software

overhead and increase the time delay through the filter,

The filter execution program called INOUT, FIN simply puts the input value
to the DAC of the Datel 256 system with the absolute minimum time delay of the
filter. The filter acts as a simple passive 1ow§ass filter for frequencies of
a sizeable fraction of the sample frequency. The program GOOD.FIN is a minor
wmodification of INOUT.FTN to run the digital equivalent of simple one-stage

passive RC filter in an interactive mode.

The programs which execute the variable time delay filters are very similar.

An example is shown in Appendix E.

The programs which execute the FIR filters include the examples BAD.FIN,
UAND.FIN, NINEQ.FTN, and DIFF32.FTN shown in Appendix F.

The TIR filter cxecution programs include the programs CASES.FTN,

CASESF.FTN, HONEYF.FTN, and BUTTER.FIN shown in Appendix G.
The assembly language driven IDAC.MAC is shown in Appendix H.

A list of all the programs included in the following appendices follows:
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1

2.

. INOUT.FIN

€00D. FIN

3. ASKFIR.FIN

4. BAD.FIN
. NINE9.FIN
6. DIFF32.FIN
7. BAND.FIN
8. DELAY13.FIN
9. CASE8.FIN
10. CASESF.FIN
11. HONEYF.FIN
12, BUTTER.FIN
13, TDAC.MAC
14, NOTCH.FTN
5. DATEL.FTN

Progran to test response of system with no filter.

One-stage passive RC filter (interactive).

FIR coefficient synthesis program from Raginer and Gold.
Modified to run in an interactive mode on pdp 11/45.

Linear phase FIR program, N = 9,

Linear phase FIR filter execution program, N = 9.

Linear phase FIR differentiator, V = 32. Symmetrical
filter.

Fast execution bandpass linear phase FIR filter execution
program, N = 32, (for N even, coefficients).

Variable time delay filter. Unity gains for all

frequencies. Time delay is pregressively less for
higher frequencies. Interactive,

IIR filter execution program for 8 recursive and 9
non-recursive coefficients. N = 8. 0,015 Rz to

0.045 Hz bandpass. H's are nonsymmetrical; G's are
symmetrical,

IIR execution program for N = 8,

IIR filter execution program N = 5, nonsymmetrical
cocefficients.

IIR filter execution program with coefficients for
lowpass Butterworth filter,

N = 5, One nonrecursive
and four recursive weights.
The assembly driver for the Datel 256 system.

IIR execution program with 6 recursive and 7 nonvecursive
welghts,

Program written by Capt. Lind to exercise the Datel 256
system by writing a digital triangle wave to it.
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APPENDIX B

Program Listing
This program tests the system response with no filtering done.
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Jo02
C
<903
‘44 88
J("S
1306 81
C
C
hhixd
008 30
0093
£a18 31
C
w3l
C
C
012
C
C
2913
C
. C
914
C
C
C
C
C
€019
C
C
2316 214)
C
anty
go1e 19
£219 15
0820
C
C
£821
Cc
C
g322
C
C
2823
C

FORTRAN 1V-FLUS VB2-51 11:13:81  28-APR-78

/TR:ELOCKSAR

DIMENSION IRUF(6}, IRRTE(2). ISB(2)
COMMON IRATE, IDATA, V. FREQ

WRITE (5.80)

FORMAT(S ENTER LOW PASS CUTOFF FREQUENTY IN HERTZ
READ (5,81) FREN

FORMAT(F4.2)

READ IN SAMPLE PERIOD IN MILLISECONDS
WRITE (5.30)
FORMAT(*SENTER SAMPLE PERIOD IN MILLISECONDS’)
READ (5,31 IRATE(2)
FORMAT (I&)
INITIALIZE FILTER FOR SUBROUTINE CUTQEF
Y=8.0

INITIARLIZE LABORATORY PERIPHERAL SYSTEM
CALL ASLELN (1.1SB)

DESTGHATE OUTPUT DAC CHANHEL FOR PATEL 256
[CHRN=0

DESIGNATE REGISTER FOR LPSI! FLAG SET
IEFN=7

SPECIFY TIME BETWSEN SAMFLES IN MILLISECONDS
IRATE(2) =50

FUT LPS11 RTS PQUTINE IN MILLISECCHD SAMFLING MODE
IRATEC(1) =2

INITIATE SYNCHRONOUS SANFLING
CALL RISCIBUF,E.0, IRATE, IEFN, 0.1, ISE)

INDK=5

CALL WAITFRUIEFH)
CALL CLREFCIEFID
SIGMA=IBUF (1HDX)

SCALE Ih VOLTS
IDATAR=182080. «(SIGMA-2045,)-10063,

CaLL FILTEP ROUTINE
CALL CUTCFF

MLOLPTYY LER DISPLAY RCUTINE
L LEDCIDATR)
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< RTRAN IV-PLUS VD2-51 11:15:81 28~AFR-72

¥OUT.FTN /TR:BLOCKSZWR
c CALL ROUTIME TO OUTPUT RESULT TO DARTEL 256
J24 CALL IDACCILHTA, ICHAN)
C
c ARJUST POINTE™S FOR LPZII
c AND CLEAR HALF BUFFER FCR HEXT SAMPLE
o02s CALL  ADJLPSCIBUF. 1)
c
606 IHDX=IHDX+1
C
c CHECK STATUS REGISTER FOR PROPER 1/0
c AHD TERMIMATE IF STATUS MNOT CORRECT
v IF C(INDX.GT.6) THDX=3
§023 IF (ISE(2).GE. 1) 60 TO 15
opza IF (ISECD BE.8) 6O TO 33
kA GO TO 19
7331 s CONTINUE
c
c IF PROGRAM CRASHES PRINT STATUS OH WAY QUT
L4932 WRITE (%,200) 1SB(1),1S3(2), IDATA, IBUF CINDX)
~3%3 2080  FCRIRT(4112)
8034 END

TROGRAM SECTIONS

HAME S1ZE ATTRIBUTES
SCODEL 00524 7o EW. 1.COM.LCL
SPDATA  B0R020 8 RW.D.COHLLIL
SIM91R  e0d222 73 R, n.CCLLLCL
SVHRS  Brap3E2 13 i B, COHL LCL
COBEE, 0801e ¢ RW, D. 070, GBL

TOTAL SPACE ALLOCATID = 8018336 271

- INQUT = INOLT

PAGE 2
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APPENDIX C

Program Listing: GOOD.FTN

This is a simple digital filter which is the digital analogue

of a simple one-stage passive RC filter which runs on the pdp 11/45
in an interactive mode.
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GO0D.FTN

0301

OOO000000000

£052
2013
0304
£O05

anne6
Louy
8003
(i

D00 [ e ] (g Rel o o000

cald

g Rw]

Qﬁ)s

« o000

T SeTRAN IV-PLUS ¥32-51 11:18:38  28-APR-78 PAGE 1

/TR:ELOCKSZWR
DIMENSION IBUF (62, IRATE(2),1SB(2)

THIS PFPOGRAM SYNTHESIZES AND EXECUTES
A FIRST ORDER RECURSIVE FILTER CORRESPONDING
TO R OME-STASE PASSIVE RC FILTER

THE ALGORITHM ON WHICH THIS FILTER IS BASED
IS VALID ONLY WHEN THE TIME CONSTANT 1S MUCH
GREATED™ THAN THE PERIOD BETWEEH SAHFLES.

THE TIME COMSTANT SHOULD BE AT LEAST THREE
TIMES 25 LARGE AS THE SRMPLE PERIGD

LWRITE(S.EM

80 FORMAT( $ ENTER LOW PARSS CUTOFF FREQUENCY IN KERTZ-FLT.PT.

READ (%,21) FRED

81 FORIIAT(F4.2)

RIAD IN SAMPLE PERIOT 1 MILLISECOHDS
WITE (5.3

30 FOPMATC S ENTER SAMPLE PERIOD IM MILLISECONDS-INTEGER %)

READ (5,31) IRATE(Z

31 FORIAT (18D

IMITIARLIZE FILTER

Y=0.6
IHITIALIZE LABCRATORY FPERIPHERAL SYSTEM
cAaLL ASLELH (1. ISB)

DESIGHATE QUTPUT Dol CHAMEL FOR PATEL 236
ICHAN=

DESIGHATE REGISTER FUR LIS11 FLAG 2T

IEFN=Y

PUT LPS11 RTS RGUTIMNE IM MILLISECCNEL SANRLING MOPE
IRRTE(1) =2

CALCULATE RC TINE COMSTAHT I SECOMDS
RC=1./(FREQ+H .22

CALCULATE SAMPLE INTERVAL Il SECONDS
ST=FLOATCIRATE(Z2) 71200,

)

81

- i . T o
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FORTRAN IV-PLUS v02-51 11:10:38 23-FR-70 PRGE 2

E50D.FTN

C
17
?3i8

OO0

£319
£0:20
re2l
@222
€923
2024

6025

2026
coav 10
928 15
)

ge3t

[z Eule] (e N o]

wazl
a3z

(]

OO () GO0 o0

30!
201

555

/TR:BLOCKSAUR

CALCULRTE FILTI? PARAZTER
TCOM=ST/RC
TCOMC=1.-TCON

TEST TO SEE IF FILTER WILL BE STROLE:
IF UNSTARBLE PROGRAM WILL TERMINATE AUD PRINT “UNSTABLE-
SAMPLE RATE TON LOW FOR TIME COHSTANT®

IF (TCOH.GE.1) GO TO 301

GO TO 555

WRITE(S,. 281 ‘

FORMATC(" UMSTABLE-SAMPLE RATE TOO SLOW FOR TIM= CONSTANT’)
GO TO 1973

CONTINUE

INITIATE SYNCHROHOUS SAIPLING
CALL PTSCIBUF,E,8, IRRTE. IEFN.0, 1, 1SB)

IHDX=5

CaLL WAITERCIEFH)
CALL CLREFC(IEFM)

SIGHH=1BUF (IHDX)

SCALE IH VOLTS
IDATE=10000. £(SIGMA-2843.2- 100100,

BEGIN FILTE® FOUTINE

Y=TCONCHRY+TCN ! TUATA

DA TR=Yy

CALL LPS11 LED PISPLAY ROUTINHE
CALL LEDCIDRTRD

CALL ROUTINE TO QUTPJT PEZULT 7O DATEL 255
CALL IDACCICHAM. 1DATA)

ADJUST POINTERS FOR LPS!!
AND CLEAR HARLF BUFFEP FOR NEXT SAIFLE
CALL ADJLPS(IBUF, 12}

IND¥=TNDH+]

CHECK STATUS REGISTER FOR PROPER 1/0
AND TERMINATE IF STATUS WIT CORRECT
IF CIHNDN.GT.E IHDN=S

IF (ISB().GE. DY GO TO 19

38
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r—TﬁPRN IV-PLUS VB2-51 11:10:33 23-RPR-78 PAGE 3
‘)'UD JFTN /TRIBLOCISAUR

019 TIF CISEC1)LMNE.O) GO TO 95

;f-kg GO TO 10

g AT a5 COHTIHUE

! C

! Cc IF FROGRAM CRASHES PRINT STATUS OM LAY QUT

£y 2 WRITE (5,2088) 1SB(1),IS2(2)., IDATA. IS (INDY)

LIEARK ¢ 200 FORMAT(4112)

RN 185 CONTINUE

1e015 END

MAME

"TAL SPACE
. 12p=G00D

< QDE! 080676 223
SINTA 808024 10
51LATR BY0330 168
i »mRS 808870 28

$)GRAM SECTIONS

SIZE ATTRIBUTES

RW, 1,CON.LCL
Ru. D.COM.LCL
RW.D.COM.LCL
RW.b.COH.LCL

ALLOCATED = 001342 %G9
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APPENDIX D

Program Listing: ASKFIR.FIN

This is the FIR coefficient synthesis program from Rabiner and
Cold as modified to run in an interactive manner on the pdp 11/45.
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100

443414

COir 24 PI2,AD,DEY, X, Y. GRID, DES. LT, ALPHAL IEXT. HFCH3.NGRID

DIFTUSION IEXT(66) .£D(6E) .11(EG) , V(66D , ALPHACES)
DINSzI0N HES)
DTICH DES(104%) ,GRIDCINGS)LUT 1045)
DIvER TN EDGEC2D)  FACIOY L UTHUED) L DEVIAT(IE)
DOUELE FRECISICH PI2.FPI
PULSLE PRECISICH ADLDEV.M.Y
P12=6,733185307179336
Fi=3.141522653433793
THIS PROSRARIY IS SET UF FOR A MAXIMUM LEMSTH OF 123, BUT
THIS UPPER LIMIT CAN BE CHANGED BY REDIHZHSIONING THE
ARRAYS TEAT. AD.ALPHA, ».Y. H TO BE NFMPir242.
THE ARRAYS DPES, GRID. AHD WT MUST DIMENSIONED
16 (NFMAX/2+2)

NFMAH=128
COMTINUE
JTYPE=8

PROGRAM IMPUT SECTION
WRITE(S5.4252)

& FORMATC(® ENTER FILTER LENGTH:TYPE OF FILTER:1=MULTIPLE")

WRITE(5.4237)

" FORMATC” PASSBAND/STOFEAID, 2=D IFFERENTIRTOR, 3=HILEERT*)

WRITE(S5.4395)
FORMATC® TRANSFORM FILTER:NUMSER OF BANDS, AND GRID DENSITY”)

READ (5.4444) NFILT,JTYPE,NBANDS.LGRID
FORPIAT(414)
IF(HFILT.GT.NFMAN.OR . NFILT.LT.3) CALL ERROR
IF (NBANDS.LE.O) NBRNDS=1

GRID DEHSITY 1S ASSUMED TO RBE 16 UNLESS SPECIFIED
OTHERWISE

IFCLGRID.LE.B) LGRID=13a
JB=2#HBANDS
URITE(S.4382)

2 FORIIRTC(® ENTER BRUDEDGES(FLOARTING POINT) *)

READ (5.3333) (EDGE(J),J=1,UB)

WRITE(S.,4387)

FORMATC® ENTER DESIRED FURCTIOHN FOR ERCH BAND )
READ (5.33333 (FX(1).J=1.NSANDS)

WPITE(S.4385)

FORMATC® EMTER WEIGHT FUNCTION IN EACH BAND )
RERD (5.3332) (WTA{JI)., J=1.HEANDS)
FORDAT(25F10.2)

WRITE(S. 4444) KFILT, JTYFE.NERNDS.LGRID
WRITE(S.3333) (EDGE(J).J=1,JB)

WPITE(S.3333) (FX(I),JI=1,NBNNDS)

WRITE(S.3333) (WTH fJ) J=1 . HEBANDS)
IFQJTVFE.EN.D) CRLL EFRTR

Program ASKFIR
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HEG=1

IFCJTVPELED. 1) HEG=O

HGuL=NFILT/2

MNODD=NF ILT-2#N0DD

HFCHS=HFILT/ 2

IF (HOLDLED, 1.ANDLNEG.ED.8) NFCHS=NFCH5+1

SET UP THE DEMSE GRID. THZ MUMSER OF POINTS IN THE GRID
IS (FILTER LENGTH +  1IGRID DENSITV/2

aOCaM

GRIDC1)=EDGE(1)
BELF=LERIDHHFCHS
" DELF=0.3/DELF
IF (MEG.EQ.0) GO TO 135
IF (EDGE(1).LT.DELF) GRID(1)=DELF
135 CONTINUE
J=1
L=1
LeAlD=1
148 FUP=EDGE(L+1)
145 TEMP=GRID(J)

CALCULATE THE DESIRED MAGNITUDE RESPONSE AND THE WEIGHT
FUNCY10il OF THE GRID

DES (J) =EFF (TEMRP, FX, UTX. LBAMD, JTYPE)
WT (D) =LATE (TEMP, FX, WUTR, LEAND, JTYFPE)
J=J+1
GRID(J) =TENR+DELF )
IF(GRID(J) .GT.FUP) GO TO 150
GO TO 145

158 GRID(J-1) =FuP
DES(J- 1) =EFF (FUP.FX, WTX,LBAND, JTYFE)
WTCJI-1) =WATE (FUP L FX, LITX, LEGHD ., JTYPE)
Leatin=Le]HD+1
L=L+2
WRITE(S, 1000)
WRITE(S.2765)

276% FORHAT(" HERE UWZ GO AGAIN®)
IFCLBAMD.GT.HBANDSY GO TO 1€8
GRID(J) =EDGELL)

GO 7O 149
168 NGRID=J-1

IF (NEG.NE.NODDY GO TO 165

IF (GRID(NGRIDY.GT.(B.5-LZLF)) NGRID=HGRID-1
165 COHTINUE

SET UP A NEW ARPPROXIMNTICH PROBLEM UHICH IS EQUINVALENT
TO THE URIGINAL PROZLEM

IF(NEG) IvD. I7e. 180

17@ IF (NGDD.EC. 1) GO TO 200
DO 175 J=1.HGRID
CHAHGE=DCOS (R I¥GRID( 1)

Program ASKFIR
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DESCII =DES(JITHHSE

175 UTCI =LTC I A CHANGE
G2 TC 259

183 IF (HQODD.ED.1Y GO TO 190
B3 135 J=1.HGRID
ChaNFE=DSINCPIAGRID(I))
D31 1Y =DES () /CHANGE
G TS 203

185 LT D =LIT(I)NTHANGE

3199 D2 153 J=1.HGRID
CHANUGE=DSIN(PIZAGRID(J)}
DES (I} =RES(JIATCHANGE

C
195 WTCT) =WT () ¥CHANGE"
c INITIAL GUESS FOR THE EXTREMAL FREGUENCIES-~EQUALLY
¢ SPRCED ALONG THE GRID
€

280 TEMP=FLOAT(HGRID-1) /FLOAT(NFCNS)
DB 2186 J=1,HFCHS

218 1EXT(I) =(J- DI#TEM+]
TEAT(MFCHS+1) =lHGRID
NMI=NFCHE-1
MZ=HFCHS+S

CALL THE REMEZ EXCHANGE PLGORITHM TO DO THE APPROMIMATION
PROSLEM '

i Moy Mo 3 o ]

CALL PENMZZ(EDGE.NBANDS)
1e28 FORMAT(® HERE WE GD7)
WRITE (5. 1000)

C
» CALCULRTE THE IMPULSE RESPONSE
c
IFMZE) 300.300,320
200 1F(M2LDLED.O) GO TO 318

DO 335 J=1,H
305 RO =0.54RLPRA(NZ-)
HIEFTHS) =RLPHA (1)
60 TO 339
312 H(1) =B, 25+ALPHA(NFCHS)
0 315 J=2.Hi
315 H(JY=D.25%(ALPHA(HZ-J) +ALPHA (NFCNS+2-0))
H(HFCHSY =0, SrAlPHACL) 0, 2SYALFHAC2)
G TN 3%
320 IF(NODR.EN.O) GO TO 332D
HC1) =0, 25 4ALPHA(KFCHS)
H{2) = 0,25 ALPHACHMTD)
DO 325 J=3.NiHl
325 HOJI) =2, 254 CALPHACHZ- D) -AL PHR GIFCNS+3-J))
HHFCHS) =0, S alPHACD) -0 25 +ALPHA ()
HMNZ)=0.2
G0 TG 338

(330 H(D) =@, 25-ALPHAHFCHR)

Program ASKFIR
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BT o338 J=2,.4°1

c S RO2TROALPHA(MZ- D -ALPEACHFCNS+2-0))
HOTU 3=, 9%ALPHACL) -0, 253 sALPHAT2)

=1 & 53,1380

03
T
f

PROGPET QUTPUT SECTION

Lo B B w

350 WRITE (6.3607

125¥.* LINEAR PHASE DIGITAL FILTER DESIGN’/
223K, 7 RENZZ EXCHANGE ALGORITHIY /)
IFQITYPE.EQ. 1) WRITE (6.365)
365 FORMAT(23X,” BANDPA3S FILTER’ /)
IFCITYPE.ER.2) WRITE (6.370)
I8 FORIMAT(25X.* DIFFERENTIATOR /)
IFCITVYPE.EQ.3) WRITE (6.375)
375 FORIINTIR5K,” HILBERT TRAHSFORMER’)
WRITE (6.378) NFILT
379 FORMATCISM.” FILTER LENGTH = *.132
WRITE (6.320) .
360 FOPMATCISY.” st IMPULSE RESPOHSE stskotoik® )
DO 331 J=1,NFCHS
KeNFILT+1-J
IF(HEG.EQ.O) WRITE (6.,32273 J.HW. K
IFCHEG.EQ. 1) WRITE €6,383) J.HWI),
381 CONTIANUE
F22 FORMAT(2DM, . HC.13.%) = *LEIS.8.° = H(’.14.7)1")
323 FORMAT(20M," H(*,13.°) = *LEL5.8." « ~H(",14.°)")
IF CHEG.EQ. L AND.HODD.ED. 1) URITE (6.384) NZ
334 FORAMATZOA, *HO L, 1S, %) = 8.8%)
DO 430 K=1,NBRNHDS. 4
KUP=K+3
IF (FUP.GT.HBANDS) KUP=NZANDS
WRITE (6.383) (J.J=K.KUP)
389 FORIAT(,24X,.4(" BAND . 13.8X))
VRITEL (6.330) (EDGE(2+4J-11.J=K,KUP)
301 FORMKTC2X. " LOWER 8AND EDGE’.SF15.9)
WRITE(6,395) (ERGTL241).J=K.KUP)
Z35 FOPMATL2K.” UPPER 26HD EDGE’,SF15.9)
IFCJTYPENC.2Y WRITE (6.490) (FX(J), J K.KUP)
430 FORMAT(2.” DESIRED VALUE® ,2X.5F 15
IFUJTYPEEQ.2) WRITE (6.485) (FN(J), J =K, KUP)
493 FORMAT(2N. - DESIRCD SLOPE.2X,5F15.3)
URITE (€.410Y (UTX(J) ., =K, KKUP)
419 FORMAT(2X, " WZIGHTING L EX.5F15.9)
DO 429 J=K.¥UP
429 DEVIAT{I) =DEVANITR(D
WRITE(6.425) (DEVIAT(I) , J=K.KUP)
425 FORMATLEAL.” DEVIATION® .8X.5F15.9)
IFQITYPELHE. 1) GO TO 430
DO 420 J=K,KUP
<39 DEVIAT(I) =20,01ALCGIO(LEVIAT(I))
WPITE (6.435) (DEVIAT(II.,J=K,KUP)
43T FORMAT(2X. " DEVIATION IN P8°,SF15,9)

360 FORMATC(IH!. 7OCIH® /23X, FINITE IMPULSE RESPONSE

(FIRY "/
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OO0

: CUHTIHUE
VZITE (6,499 (GRIDCIEXNT(IV), 1=1.HT)
P33T (/20,0 ENTPEMAL FREQUENCIES  7(2X.5F12.7))
WY TE (6,360
FloiAT(ANTOIHR) Z1HY
IFHFILT.HE.B) GO TO 169
STOP
Et!

FUNCTION EFF (TENP,FX, UTX. LEAND. JTYPE)

FUNCTION TO CRLCULATE THE DESIRED MAGNITUDE RESPONSE
A% A FUHCTION OF FREQUEHCY.

DIMENSION FX(S),UTX(T)
IFCJTYPE.ED.2) GO TO 1
EFF=FX(LBRHD)
RETURH

1 EFF=F»(LBAND)¥TEMP
RETURHN
END

FUNCTION WATE (TEMP, FX. WTX.LBAND, JTYPE)

FUMCTION TO CALCULATE THE LEIGHT FUNCTION AS A
FUNCTION OF FREQUENCY.

DIMENSION FX(5),.WTR(S)
IFCITYPE.EQ.2Y GO TC
WATE =LITX(LEAND)
RETURI
1 IF(FXAEBRND)LLT.0.0001) GO TO.2
VRTE=LITXLBANM) Z/TENP
RETURH
2 WATE=UTXLBAND)
RETURN
EnD

SUBROBUTIHE ERROR
WRITE (6.1
1 FORPHMAT( selepiyivinisin E2ROR IN INPUT DATA suisioktokiny® )
STOP
EMD

SUBROUTINE RENEZ(EDGE.HNRAMNDS)

COMimet FI2.aD. 02V, X, YV, GRID, DES, WT.ALPHA, TEXT.NFCNS, NGRID

Program ASKFIR
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DIMENSICY EDSE(2H)

DITICNSION 10N T(BEI.ADCES) .ALPHACES), M(5656),Y(66)

DINENSIGH DE3(15845),GRID(1643),U711045)
DIMENSION ACER),F(E5)..0(65)

DOUBLE PRECISICN PI2.DHUM. PDEHLDTE!P,A.P.Q
DOUBLLE PRECISICH AD.DEV.).Y

1TRMAX =208
DEYL=~1.8
NZ =HECNS+1
URITELS.222)

222 FO2 A7(* STARTING REMEZ")
NZZ=NFCHS+2
MITER=0

108 COMTINUE
IEXT(NZZ) =NGRIL +1
NITER=MITER+!
IF(HITER.GT. ITRMAX) GO TO 492
D0 110 J=1.NZ
DTEMP=GRIDCIEXT(J))
DTEMP=DCOS(DVEFP WP 12)

118 XCJI)«DTEMP
JET=(HFCNS~-1) /15+1
DO 120 J=1.NZ

120 AD(J)=D(J. M2, JET)
DHUI1=0.0
DDEN=0.8
K=1
DO 130 J=1,NZ
L=1EXT(J)
DIEMP=AD (JI#DES (L)
DHUN=DHUM+RTEN R
DTENMP =48D (I /YT L)
DDEH=DDEN+DTEMD

138 K=-K
DEV=DHUM/DDEN
HU=1
IF(DEV.GT.0.0) Ny=-1
DEV=~NU¥DEV
K=HU
DO 140 J=1,H2
L=1EXT(J)
DTEHP =K3 SEVAIT(L)
Y(J)=DES(L)+DTEN

149 K=-§

WRITE(5,799)

799 FORNST(® REMEZ CHECKPOINT 27)
IF(DEV.GE.DEYL) GD TO 150
CALL BUCH
GO TO 40D

158 DEVL=DEY
JCHNGE=0
Ki=IEXT(1)

Program ASKFIR
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AT e X

Sty

4y R P gt AR T Abvy Rad

KHZ=IEXT(HZD)
KL3=0
HUT=-1

J=1

SERPCH FOR THE EXTREMAL FRECQUEHCIES OF THE BES
RPPEOXTIHATIGH

AOOM

200 IFCJ.EQ.HZZ) “NZ=CoMm
IF(J.GE.HZ2) GO TO 300
KUP=1ZRT(J+1)
L=IEXT(I)+]

NUT=-HUT

IFC(J.ENQ.2) YI=COMP
COMP=DEY

IFCL.GE.KUP} GO TO 228
URITE(S,556)

596 FORMAT(" WE GOT 70 HERE®)
ERR=GEE (L. HZ)
EFR=(ERR-DES (L) 2HUTCL)
DTENF=HUTYERR~CDI P
URITE(S,8882)ERR, DES (L) - LT (LY, COMPL ITEMP, HUT, GEE(L . NZ)

8388 FORMAT(SFID.4.18.Fi0.4) ‘
IF(PTEMP.LE.D.D) GO TO 228
COMP=HUTHERR

218 L=L+}
IFCL.GE.KUPY GO TO 215
ERR=GEE(L.HZ)

ERR~(ERP-DLCS (L) )T (L)
DTEMP=HNUT+EPR-COMP
IF(DTEMP.LE.A,0) GD TO 215
COMP=HUTHERR
GO 7O 218
213 TEXT) =L~
J=J+1
KLOU=L~1
JCRHGE=JCHNGE+]
GO 70 2vd
220 L=L-1
WRITE(5,789)
789 FORMATC(" RENEZ CHECKPOINT 37
223 L=t-1
IFC(L.LE.KLOW 68 TO 230
WRITE(S, P53
753 FORNATC” JurwP 70 GEE”™)
ERR=GEE(L.HZ)
WRITE(S.6432)

6432 FORMAT(® CCME BACK FROM GEE*)
ERR=(ERR-DES (LI )#UIT (L)
DTEMP=MUT:#ERR-COI P
IF(DTEMP.GT.0.08) GO TO 238
IF(JCHHGE.LE.GY GO TO" 225

238 COMP=HUTERR
WRITE(S.375)
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255

318

GRIHTC PEriEZ CHECHPOINT 3
1

FOLLLEKLDW GO TO 240
Er=ZE (L. HD)

EFT+ (ERR-DES(LY ) HITW)
DTZIP =HUTHEPP -COM?
IF(DTEMP.LE.2.0Y GO TO 249
COMP=tIuT+ERN

60 T0 235

KLOW=TEXT(D)

IENT (I3 =L+1

J=J+1

JCHHGE = JCHNGE+1

ca 7 208

L=1EXT (I +1

1F (JCHHGE.GT.Q) GO TG 215
L=l+]

IF(L.GE.KUP) GD TO 260
EPP=GEE(L.N2)

ERR = (ERR-DES (L) ):HIT(L)
DTEIP=RUTHERR-COMP
IF(RTEMP.LE.Q.0) GO TO 225
COMF=HUTHERR

60 TO 210

7LOU=TEXTL

J=J+}

GO TO 200

IF(I.GT.HZZ) GO TO 320
IFCKL.GTLIEXT(1) ) KI=1EXT(D)
TEGHELLT, JERT(HI) Y KHZ=]EXT(NZ)
NUTL=HUT

WRITE(S.432)

FORIMT(® RENEZ CHECKPOIHT 3.5%)
HUT=-HYU

L=0

KupP=K1

COMP=YHZ¥ (1,60001)

LUCK=1

L=L+1

IFC(L.GE.KUPY GO TO 315
ERE=GEE(L,N2)
ERR=(EPR -DESU »IIT L)
DTEI=IUT4ZRR-COIMP
IF(DTEMP.LE.O.6) GO TO 310
COMP=NUTHESR

J=iila

GO 70 210

LUCH =5

GO T0O 325

IF (LUCHK.GT, q) GO TO 350
IF(CGI. 6T Y1) Y1=LOoMP
Kl1=1E TWZ

L=hCFID+1

KLOW=

Program ASKFIR
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330

349

345

358

360

937

Iva

430

NUT=-HiUTL

COM =V 1.4(1.00:791)

L=l-1

IFCL.LE 1N 63 TO 340
ERR=GEE(L.12Y
Ef=(E R=DES (LY ) #T(L)
DiEhe - UTHERP-CCIW
IFDTEMR.LE.B.0) 30 TO 338
J=lidd : .
COMP=HUT*ZRR
LUCK=LULK+10

GG TO 235

IF (LUCK,EQ.B6) GO TO 370
DO 345 J=1,HFCNS

16T (MZE~J) =1EXT(RZ-J)
IEXTC1Y=K]

GO TQ 1680

KM= JEXT(#2Z)

DO 398 J=1,NFCNS
IEXTII) = IEXT(J+])
IEXTCHZY =K

LR LTE (S, 987)

FURMATC(" REMEZ CHECKPOINT 4%)
GO 70 160

IF(ICHIGE.GT.0) GO TO le9

CALCULATION OF THE COEFFICIENTS OF THE BEST
APPROMINATION USING THE INVERSE DISCRETE
FGURIER TRANSFORMH

COMTiNUE
NIMi=HFCHNS-1

F&H=1.95-06

GTEIP-GRIDC1)

¥(MZZ1=-2.0

CH=N HFCH3-1

DELF=1.B-CH

L=1

KiK=0

IFCEDGE (1) .EN.0.0,AHD.EDGE(24N8ANDS) LEQ. 0.5
IF (HFCHS.LE.3) KKK=1
IF(KKKLEN. 1) GO TO 495
DTEMP=PCOS(PIZHGRINCTI)
DHUM=DCOS P12 kGRIDCHGRIDY)
A =2, 0/ (DTECP-DHULD

BB =~ (DTEM+ DNUM) /(D TEMP-DNUM
CONT I:tUg

DO 239 J=1.HFCNS
FT=(¢FLDAT(J- 1Y )YADELF
XT=DCOS(PI2FT)

IFTHEKLED. 3) GO TO 410
XT=(XT-8R) /38
APCOS=ATAN T ZSORT (L, B-XTRXT))
FT-aT05(NT) /212

} KRK=

Program ASKFIR
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FT=.5

418 YE- L)
IFC/T.GT.ME) 60 TS 420
IF{CE-ST) LT FSH) GO TQ 415
Ll
6D TO 410

415 9i0) =veLy

Gn TO 425

428 IF((AT-YEY.LT.FSH) GO YO 415
GRID(D =FT
ACI) =GFEC1.HD)

425 CONTINUE
IF(L.GT. 1) L=b-]

433 CONTINUE
GRID(1)=GTENP
DDEN=P[2/CH
DO S19 J=1,HFCNS
DTEMF=C.0
DNUM=(FLOAT(J~1))=DPDEN
IFCHiT.LT,. 1> GO T0 S95 .
DO S0 K=1,NM1

589 DIENP=DTEMP+A (K+1)#DCOS (DNUIM*K)

565 DTEMP:2,04DTENP+R(1)

518 ALPHAR (1) =DTEMP
DO 550 J=2,HFCNS

S50 ALPHI ) =24ALFHACT) Z/CN
R' (1) =ALPHA{ 1) /TN
IF(KKICLEQ. 1) GO TO 545
PC1)=2.0vALPHA (HFCH2 Y+ EB+ALFHA (NML)
P(2)= 2.34AA%ALPHS (HTCHS)
QC1): ALPHA (HFCHS-2)-ALPHACHFCMS)
PO Sa0 J=2.HN!

IFCLLT.HALDY GO 70 515
AR=0,5*AR
BE=0.5488

515 CONTINHUE
PCJ+13:D0.0
DO S20 K=1.J
AKY =P (K)

520 P(KF)=2,03EBHA (KD
P(2)=M(2)+R{ 1) #2,044A
JM1=J-1
DO 525 K=1.JM

525 P =P UD+OCKIHAAMREHT)
JP 1=+
DO 530 K=3,IPI

533 FPIR)=PU+AATAIN-1)
IFCIEDLLTL) GO TO 549
DO 8§35 K=1.J

53% QK)=-A1D
01 =0 +ARLPHAGHFCHS-1-J)

538 COHTINUE
DO 543 J=1.HFCHS

343 ALPHACII =P ()

Program ASKFIR
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CONTINUE
IF(HFCHS,.GT.3) RETURN
LRITZ(5.765)

» FORIMAYC" PENZZ CHECKPOINT 57)

ALPHAIHFLCIS+1) =0.0
ALPHA (HFCH3+2) =0.8
WRITELS.558)

& FORNATC® LEAYING RENMZZT)

RETURM
END

DOUBLE PRECISION FUNCTION D(K,M.M)

FUNCTION TO CALCULATE THE LAGRANGE TMTERPOLATION COEFFICIENTS
FOR USE IN THE FUNCTION GEE.

COMrdl PI12.ARD.DEV, ¥, Y.GRID, DES., UT.ALPHA. IEXT.NFCHS,NGRID
DIMENSION TEXT{(E5) .ADCGH) ,ALPHAR(ER), X(E6), Y (662
DIMEHSION DES(1045).GRID(1235),WT(1045)

DOUBLE PRECISION AD,DEV,.X,Y

DOUBLE PRECISIOH Q

DOUBLE PRECISION P12

D=1.0

Q=X

b0 3 L=1,M

b0 2 J=L.H.M

IF(Q-X(I1.2,1

D=2, 04N {0-K(J))

COHTIHUCE

CONTINUE

D=1.0-D

RETURII

END

DOUBLE PFRECISION FUNCTION GEEC(K.N)

FUNCTION TO EVALURTE THE FRECGUENCY RESPONSE USING THE
LAGRANGE THTERPOLATION FORMULA IN THE BARYCENTRIC FORM

COMTION PI12,.AD, DEVLXMLYLGRID.DES . WT, ALPHA, 1EXT, NFCHS,NGRID
DHENSION TEXT(6R)LADER), PLPHA(ER) . X(65) ., Y(GE)
DIMENSION DESCINAS) .GRIuCiBa5),uTC1045)
DOURLE PRECISION PLC.D.LXF
DOUELE PRECISION FI2
DoUSLE PRECISION AD.LEV.X.Y -
F=0.6
XFE=GRID (K
XF=DREOS(PIZiNF)
D=2.0
12 J=}.21
=YF- A0

Program ASKTUIR
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WRITE (5.6668) XE,X(ID)
IF (C) 4.12.4
4 CONTINUE

6655 FORMAT(Z2F18.5)

oo

C
C
C

C=RAD(I} /T
D=D+C
1 P=P+L*Y(J)

12. CONTINUE
IF(D) 33.66,33

33 CONTIHUE
GEE=P/D
GO TO 77

€6 CONTINUE
GEE=.5

77 COHTINUE
RETURN
END

SUBROUTINE OUCH
WRITE (6.111)
111 FORMAT( ok FAILURE TO CONVERGEwshorkiiclor’ )
1° PROBABLE CALISE 1S HACHINE ROUNDINS ERRCR®,
2° THE IMPULSE RESFONZE MAY BE CORRECT’.
3’ CHECK WITH A FREQUENCY RESPONSE’)
RETURH

END

Program ASKFIR
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APPENDIX E

Program Listing: DELAY13.FIN

This is a sample of a variable time delay filter. It has unity gain
for all frequencies (up to frequencies near the sample frequency) and has

a time delay which is progressively less for higher frequencies. It rums
in an interactive mode on the pdp 11/45.
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2011

oa12

7213

a6

eol1vy
25618
onls

AL

IV-PLUS vD2-51
FIR /TR:BLOCKS AR

PAGE 1

ATz (), 15802)

DIMERSION IBUF(S), 1RAT

IDE 54T LEYG

T PROYV]

OOOMNOOQOOn

WRITE(S, T8)
FORIATC( = ENTER
FEAD (5,81) FrEQ
FORMAT(FID.7)
IFREQ=FRED

80
el

c RERD 1IN SalPLE P

WRITE (5.3
FORMAT ("% EMTER SAMPLE PERIOD

READ (S5.31Y IRRTELZ)
FORMAT (IR}

tt

INITIARLIZE FILTCR

Y=0.0n
IMITIALTTY LPAEOTATORY

CARLL mSLT T 7.

AT TOLTD
PEPIRNIRG

1S

DESIF
ICHR!

I‘ q}ﬁn o-
1EFN=7

FUT LPSIE &
IRATE(1) =2

NCHPOHOLS SAnPLTNG

INITIATE &%
Q] AL

e

o I
oL

MIgONO 000 00 00 0 0000
=
o
L
-

—
o

o)

TIME PELAY MILTIPLIZN-FLT.PT.

fI0D I MILLISEC
MITTLLISECONDS~ INTEGER

wUTOT PAD CHAMHEL FOR DOTEL

5OPOUTINE I MILLISTTT

RFITE; 1EFNLC.

THIS PPOLEAM SYHTPISIZES AND EXECUTES
R DIGHT-. FILTER WHICH HARS LHITY 221 AT
AL FRTUEHOIFS BUY THE TIM: IF!H is
LESS FL™ HIGWER FLETUENCIES. THE 10€A IS
i FUR THE IEOFfD CONTROL.

“)

chps

L 27TEM

256

GISYZF FOR LPSI1 FLAG SET

0D

n

T GAIPLING

| I

‘)

e e D ot oot it o itsomrt e e
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J TAAY [V-PLU5 vRz- vreTlien I3-87n-78
] PELAYIZ.FTH STRIELON” o0
In SCALE It 7015
0521 . IDATA=1Z2GD. % (SI8NA/2945 . )-{00 1,
C
c ESGIN FILTE™ "“U"'“"
aRpR INIFF=1ALS (I ar=-100Tm
Rtk T T=IR™ CIFE
: 124 nIS =N
c
A DLF=P=2"~ -m77"
NV BlLEP=E,
Jey T ormame e e

nate Lo
£a2g IDATAZ=1ve
Y IDELAY=IFREDSIDELAY
£o31 IFCIDELAY.LT.2) GO TO 9577
el32 Do 99 7 I=1, IDELAY
£33 LA
UQSTE=E"'?LRP)
WASTE="" " )
[ar? CoHTIN .
CALL LFS11 L=d DISFLAY ROUTINE
CALL LEDRCIRNTAY

RIANE

w5

oo

OO0 o (R

CALL POUTINE TO QUTPUT RESULT TO DAT=L 256
R CaLl ITRCCINSHLIDRTA) /

C
c ODIYST POINTTTI TT7 LpEly
c TNQUERR B LT DUTTEY FORONEXT SANFLE
M Ere L DILE. T
¢ i
04539 e WM }
C ¥
c TMILY STATY. GEGISTER FUP PROPER 170 '
c prm TE7 AN IF STATUS NOT COPRECT
i

AR IF (INLGT.S) IH
S IF (I1S2(2).G2. 1) &
3 IF «is u(1)."':.'3) er
] M2 GO T2 17
143 95 CONT It

C JE PrTTT O TTATHES PRINT STRATUT 0N uWAY QUT
no 34 It LLW200 lteit .ZZ:(”B.’:ﬂTH LBUF CINDX)
nmyig 200 gerlananz2y
IS 195 CoNTIHUE
e END

? FEUGRAM SECTICHS

R R LT M PR
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DELAYIZ=DELRYIZ

e '=~ ) B ;‘»y}w;&gggygf g g R
“ORTEAR IV-PLUS vO2-51 11:32:42 20-FPR~-78 PAGE 3
[ZLAYI3.FTH /TR:BLOCKS /LR
HAME SIZE ATTRIBJUTES
SCOPE! BBov1s 231 RY. 1.COM.LCL
SPIATA BO002R g R, D,CGH.LCL
SIGATA  D00226 7S RlJ.D.COHLLCL
IVARS 00pore 31 RuL 2L COML LEL
STEIPS  £02002 1 RW.D,COHLLCL
T0TAL SPACE ALLAOCATED = Q01264 144

(AR

fsasle s
ot

i

CespmEr ST M S
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APPENDIX F
BAD.FTN, BAND.FTN, NINE9.FIN, DIFF32.FIN

Program Listings
These programs all execute FIR filters on the pdp 11/45.
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FAT EXF U A e VS A B o Rk TI I I T

e

“ORTRAN
Al FTN

ol 1

can2

cons
Lot
0avg
cang
cain

onll

1
S
s
58]

[
L
—
o

=714

alth ]

AR

oOo0Oo OO0 0O0000MOO0O0

O0ON
[$2
w0

[wilw) o Ne [ N o] [ Xw N

o N Nl (e N

)

IV-PLUS v32-F1

11:11:36 28-AFR=¥3

/TRIELLEKS /LR
DIMEMSION IEUF(6), IRARTE(2), 188(4) H(Z0), Y6

THIS FPOGRA 3WHTHESIZIES HHD EVETLNES
LINEGR PHRSE FINITE IMPULSE RESPCHEZ FILTE
WITH CPEFFICITITS EEHEQQTED Usig 782 REMEZ
E3CHANGE RLEORITHH.

IT IS A SPECIAL MODIFICATION CF ESSY.FTH
FGR THE CASES WHAERE N=AH 0ODD IHTEGER

SET ORLER OF FILTER (CAM BE EYENW O 0DD AMD EQUAL
TO HUIZER OF H COEFFICIENTS
N=9

INITIALIZE DRTA MATRIX FOR FILTER
Do 229 I=1,%

Y(1=0.8

CONTINUE

SET H COCC"IC ENTZ
H(1)= A7 R45
H(’J-- 2c-x-u55
H(3)=—

H(41 =,

H{GY =,

IHITIALIZE LABORRTORY PEPIFHERAL SYSTE!N
CALL. ASLsLh (1. 158D

DESIGHATE QUTPUT DRT CHANMEL 07 DATEL 235
ICHAN=0

DESIGHATE PLSISTER FOR LPSI! FLAG £27
IEFH=T

SPECTIFY THiE DTTWEEN SAMNPLES 1IN MILLISECONDS
IRATE 2 =180

FUT LFTI1! PT° POUTINE 5 NMILLIZECC D SnbPLING MODE
IRATZLL, =2

CALCULATE T35S MITERVAL [N SEIoNT g
ST=FLOATCINTTE: 23 Y 1uas,

- o A

. s

-

DI LR PAS .
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3
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SRV CIRCWIRT LYY
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7 ORTRAN IW-PLYS v02-T! 11:3 28~-APR-7E
+ ID.FTH sTTLT B0
C
c
c
C “"TTI?TF rv\lpu—)q&'ql |o':v r_"/_'}.'/‘—N L4 :f_;
=a1? 90 oLl RTSCISUF 6,4,:uq7&.1'%ﬂ-8,1»15u)
c
%518 INDX%=5
7919 19 CALL WRITFr(IEEN)
%320 15 CALL CLMETrIEFD
>a21 SIGMA= ICUF(IHDA)
c
c SCALE IN YOLTS
022 V(1) =10080. (S IGNA 2043, 1~ 18808,
c
C BEGIN FILTER ROUTINE
2023 po 544 1=1.!-1
0024 YCI+1) =YD
7025 544 COHTIMUE
C
026 SUM=8.0
gaz7 DO 20 I=1.14/2
g TERM=HI D SN (DAY IH=-T+107
£o29 SUN=SUM +TERM
330 20 CONTINUE
=03 TERI=HH /2= 1Y N2
ARz SUN=SUMSTER!
N33 IDRTAR=SUN
c CALL LFS!1 LED DISPLAY =2JTINE
114 CALL LEDCIDRTM
C
C CALL FOUTINE TO QUTPL™ =3TULT TC DATEL 255
235 CALL DAL CHAN, IDATA:
C
C ADJUST POINTERS FOP LFS
C GHD CLEAR “ 1 F pu eEp 7. MEXT SRMPLE
Y5 CALL  ADILDICIPUE. D
-~
AT IHDR= 1N
C
C CHECK STATUZ REGISTL. =7~ FFCOPER 1/0
c SHD TEFMIPSTE IF &TA™L% (U7 CORRELT
ﬁUZB IF CINDLGT.6Y IHE=2
L1139 IF ¢(15E(2).GE. 1Y GO 72 ..
g IF (ISBC.HE.OY B0 T2 -
9341 GO TO 1T
L4z 95 COHT IMUE
c
m~par epaewss et o 7T AaTS O J7 T
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JOFTRAN IV-PLUS Va2-51 11:11:36 22-NPR-78
LADLFTN 7TR:BLDTKE 27

<3243 WRITE (5.202) ISB(1),1S512), I2ATA, IBUF (INDX)
<34 200  FORMAT(4I12)

~49 135  CONTIHUE

- 346 END

FROGRAM SECTIONS

HRME - SICE ATTRISUTES

SCODEL1 BBOY32 237 RW. L,Co. L2
SPDATA COD0x 18 RW,D,CoM UL
$IDATA  BBD060 24 RW.D.CCH, LL
WHRS 000930 204 RUW.D,COM, L%
STEMFS 098602 1 PW.D.Coi. e

TOTAL SPACE ALLOCATED = OI710 484

LEAN=BAD
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FORTRAN IV-PLUS V32-51 11:14:24 22-APR~-72
eAHDLFTH

/TR:BLOCKS /WM
DIMENSION IBUF(S), IRATE(2),15B¢2), HIZ0), YD)

THIS FROSRAM SYNTHESIZES AHD EXECUTES
LINEAR F'25E FINITE IMPULSE RESFOUGE FILTEZV
UITH COEFFICIENTS GENERATED USIS THE REMLZ
EXCHANGE ALGORITHM,

SET ORDER OF FILTER (MMST BE EVEN £UD ECLYL
TO HUMBER 0OF H CREFFICIENTS
H=32

INITiRLIZE DATA MATRIX FOR FILTER
Y(1y=0.0

po 295 I=1.H

conTIHUE

SET H CCEFFICIENTS
H(1) =-0.575334121E-02
H{2)=0,30027 120E-03
H(23=0,7577394%E-02
Hey=-0t R 141 190E-02
H(EY =0, 139008 258-01
HEEY =0, 2259 1455E-062
H{F) =0, 12334367E-01
H(2Y =0, 17595602-02
H(9)Y=-0, 70357382201
HO18) =0, 112601 15E-01
H(11)=0,6823556.332 111
HO12)=-5, 1949722
H{13) =0,8%136133:
HOID == 0, 1272032078 00

H(15Y=-0. 225735778 09

HOIEY =0, 20213170 00

IHITISLIZE LASOFATORY PERIFPHERAL SYETIv
CALL ASLELH (1, 15m)

DESIGHATE CUTPUT I'nC CHANLEL FOR 2AaTEL 227
ICHAN=O

DESIGHATE REGISTER FOR LPS11 FLARS 2T
IEFH=7

SPECIFY THIE BETUSEN SANPLES In MILLITIITT %
IPHTE(2) =300

PUT LRSI PTS PCUTINE TH MILLIS
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SORTRAN IV-PLUS VO2-51 11:14:24 28-RPR-78 PR3E 2
=2uDFTH /TRIEBLOCKS/LR
1326 IRATE(1) =2
C
c
C CALCULATE SAMPLE INTERYAL IN SECRHCTDS
£327 ST=FLORT(IRATE(2)) /10080,
c
c
C
c
C INITIATE SYMCHROMOUS SAMPLIMG
+#28 99 CALL RTSCIBUF.G.0. IRATE, JEFN.B. 1,122
C
229 INDX=5
+7,30 18 CALL WAITFRCIEFHD
kg | 15 CALL CLREF CIEFM)
2702 SIGMAR=1BUF L INDX)
C
C SCALE I VOLTS
33 Y1 =10800, (S IGMA. 2045, )~ 10060,
C
C BEGIN FILTZ® ROUTINE
134 DO 544 I=1.1~1
L4338 Y(I+1 (D
1a26 544 CONTINUE
C
- 137 SUM=0.,0
FA73 DO 20 1=1.n "
T a8 TERM=H (D) s (1YY N1 1))
> AT SUM=SUN +TER
3] 20 COHT T
a2 I1DATH=-1]
C CALL LPS11 LED DISFLAY ROUTINE
L4432 cALL LERCIDATA)
c
C CnLl ROUTING TO QUTFUT RESULT TO DATIL 256
2234 CALL 1AL CICHAN, IDATA)
C
C ADJUST POINTERS FCR LPZ11
C AND CLEARR HALF BUFFER FOR MNEXT SRIFLE
na5 CALL FRIILPSCIBUF. D
C
a5 INDX= 11D
c
C CHECK STATLS REGIZTHER ~0F PRIPER 12
C AND TEFMINATE IF STHIUS HOT CORNZLT
Lrar IF CIRDXYUGT.E)Y IHD=%
~2°3 IF (ISR« GEL1) GO0 TO 10
tLE IF (181 HE.OY GO TO a3

R
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FORTRAN Iv-pLL. (92751 11:14:24  28-aPR-79
gD . FTN , P ELOCKS AN eTneaTrY PASE

(48]

;?-SU rie 10 lg
¥31 95 oo lHIRE
c
c

- 1ROGRAM Chn'a#™s PRINT STATUS ON LAY QUT
, U0 65,2000 10501), ISB(2), IDATA, 18UF

TCA112) IEUF CINDX)
¢+ LIHLE

o
i

3 208
34 185
S

PR TN sl L h N )
Ll i T
=
a
T el

SINGERAM SECTIONY
NAtE 512t - RTTRIBUTES

3COPE1 001045 a FLL 1L,CONLLCL ‘*‘\

SPPATA - @09121 i #.4, D, CON, LCL ;
51DATA  BOBOGN - FLLDLCONLLCL '
SVRRS  UNBSEN w ™AL DL CatL Ll

MICHES  @890u2 | L DLCANLLCL

SYIAL SPACE pLLre 85 = 002w TaA4 y
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FORTRAN Iv-PLUS vB2-S1 100238 20-FFR~-T8

Y]
(5o}
(X3

/TR:ELOCKS AR
DIMENSICN IBUF(B)Y.IRATE(2), 15802) . H(30),Y(59)

THIS PROGRAM SYNTHESIZES AND DVLCLTES
LINERR FHASE FINITE IMPULSE RPESHNITE FILTER
WITH COEFFICIENTS GEVIRGTED Ualht HE REMZZ
ERCHRLGE ALGORITHM.

IT 15 A SPTLINL MODIFICATION OF I53Y.FTN
FOR THE CHIZ3 'WIRE H=AH 0DD INT=5EE

SET DRDER OF FILTER (CAN BE EVEH TP 0DD AND ECUAL
TO NUHBER OF H COEFFICIENTS
=9

INITIALIZE DATR MATRIXK FOR FILTEP
DO 292 I=1.N
Yol =04

corTInee

SET H I77FFICT
H(1)== 57079
H(3) ==, 520427
H(4) =, 32022510
H(3)=,23120021

INITICTZE L~ 2870RY PERIPRICAL SYITEM
0 AU O S 216D

PESIGNZTT QU ™ DAC MU“MMEL FLE I1275L 235
CHmb!e 7

212 ICHS! = 7
TIIIL TTIOPEGITUIOFCT OLPSIL FLEL TEY

0313 IEF=
2014 WRITE (5.2
£215 20 FCRIAT(® CUTOFF FREQ. IS 0,25 TIZ Z77°LE FREDL %)
AR LRITZ (5.815
£117 81 FCTIRATO S TNTER SANPLE PERICD IH Tl ISZ00HDS- INTEGER: )
a318 RERD (5.8
€319 82 FoFrAYT LI

c PUT LFITE RTS ROUTING IN PULLISEZZYD SRITLING NODE
Ik ICRTEC( =2

C
_—
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- FCRTIRAN IY-PLUS ~22-7! 11:32:23  28-p70-72 FRzE 2
NIHES.FTM #7773 3L0CKS/WR
c
c RLTULATE SAMPLE INTITL IN SECOMUTDRS
6321 ST=ILOATCILATI (Y /i7"
3 C
i c
| :
c INITIATE SYNCHRIONOUS SAMPLING
P22 S0  CeLL RTS(IDUF.6.0. IRATE. IEFN.8.1,155)
c
023 =5
3 'p24 10 CRLL WAITFRIEFID
; 0925 15 CFLL CLREFCIE™M
g i i IETR=IBUF(IN DT
: - C .
; C SCALE IN VOLTS 18
F: } Eock Y1) = 19000, k(S 1E1A/2042. ) - 10500, i
! ' c
ki c BEGIN FILTER ROUTINE
E: : 7328 pe £24 I=1.H-1
E ; 1023 VCI5D =YD
§ § 3730 544 CONTINUE
# ¢ o
3 2031 SUM=".0
g LUZ2 N LS N {
b 4333 TER = CPVKCYE YA e T i
2 34 SUt= TN HTERY :
N w3E an gri= g {
E 36 TalM= INARED AYU/241) b
13 AT SLIi=SUTHTERM |
3 LOXS IO TA=ZUM ¢
3 C CALL LFR11 LED DISPLAY ROUTIHE '
1 WEL CALL LEJCIDATA)
t c :
c CALL FTUTING TO OUTPUT RESULT TC DATEL I56
ki CALL iT3CCICHAN. TDATH)
C
c ADJUS © FOINTERS FOR LRS!
c P T HALE DUTFIR FUR- NINT SAMPLE
Al | R € FAC
c
P62 IS
c
3 C CT T Tt tTT UTUROFQR OPROFE® LD
1 C fi. SENLDN T (R L0 9US NOT COPRES !
b 1343 IF CINDILGT.E) IHDN=S : i
i 449 IF (IS2021.6E.1) 60 70 10 3
{ 15 IF (ISP LVHE.O) GO T 23S 3
! §
‘ !

|
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ce JTRAN IY-FLUS ¥32-5

Y251 11 - Q0-ARP-78 PRGE 3
SIUERLFT /TP BLOCKS AR
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[AV]
vl
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Wrasz

£o.16 Gr T n
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o b

[an N g K1)
ISR IR S L T PPN VL

"_"7_,4$ ,vﬁv--r: If'""n"rV\ . 2y, Ing
0.3 200 - T

) 195 L
2051 v

STATUS ON WAy oUT
22, INATA

2 IOUECINDYD

f
S b

ePOGRAM SECTIONS

HAME SIZE ATIRIBUTES

s W

) F\".IJD I;C-’:’”; LCL
JTTATA eNTiad ° RUL D, COM.LEL
SThaTa  erTen? ;L UL DL OO LCL
{ BT G263 o
STEMPS  £22202 !

TNREl gRinod 258
1
v

PL\'» D) C:u !ﬁLEL
Ri.l.': D,- ED" . LCL
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-{F\( OO PN o b P RN IR e £

o
S ol St St i T

IS PN Y CPC LR RS

TATAL SPRCF ALLOCATER = 232124

v oaw S
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FONTRAN I¥-FLUS VO2-51 11:
SUEEEILFTH

[y NN oo OaOm o

aoON

n o (@ Re) [ R L}

Lo W o}

——
e

/TRIBLOCKS AU
DIMZZICH 1IBUF(BY,. IRATEC(Z., 18T 7 .- 7381, Y(60)

THIS PROGRAM SYHTHES L= pvT £ TI.7E3
LINEe™ 2UGSE FINITE [ L%t PZT>1 2T FILTER
WITY CATRFICIENS GENETRTED U] ~-
EYCHRNGE L2077 THM,

- '

SET ORDER OF FILIER (MUST BE E =~ =L EQUAL
T HUMZER OF H COEFFICIELRTS
N=32

‘I

INITIAPLICE DRTA MATRIX FC7 SIL7=F
Y(13=0.0

DC 252 I=I.M

CONTIIVE

SET ¥ CTITTICIENTS
HC1y==0." "7 41210-82
H(2) =0, " 17 192603
HOEY -0, 75/ 32545602
HOU g €T T

1]

%

s
!

fa]

ra

R SRR A
‘e - e R
M DR A v

M.l . T
H(8)=0.“ e
H($ = ;
H(10) = d ll:xﬁ lc -
H(11 =0, 6582
H(12)~~D e
H(1Z) = -
Hf’J)—~D
L‘l»)=—

Hr163=u, A :g

Harmmu! ht LQTOOAYL Y PEPTIOT TS T LT T
CALL fSlatl ol 1=y

DESIGNRTE QUTH. ~ 0°7 CHawrzL =17 1-7%
ICHAN =0

DPLSIGHATE REGISTER FOR LPEII .7 127
IEFN=7

SPECIFY TUE BETUIEN GnhirLzl I I ITIUTNDSG
IRATE(Y =100
PUT LPSGI1 RTS DoUTINE i oo 2270 7

ITTLOT O TEMRLING podT
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e 3SLFTH

L 26
c
c
C
Lt f
c
C
c
C
R 20
C

———
o

230
| CALL 1.7 7.~ X
032 Sigr== .7 . L4
c
c SCALT E
ol Y1 CUTRETAS Y -1,
c -
C BE% " .=
RE e -
55 Y(I+: s
G 544 conToo
c
e
o ol
1 FREE DS R
A -
‘1 20
Rk
c .= BITFLAY ROUTIM
243 -
c
C CAlL =- T OTTOQUTEUT PCEULT TD TITIL 258
IR caLL - D ITATH
c
C - FomoLmees
c . - UFFCR FUP JIEXT SAMELE
ARS’ UL 1
c
RE Ihre=
c
C :- © SEGISTEP FOP PPOPET 17
c oo L TTOIF €10TUS BOT [0FTICT
T ~ A £ PR
" - et
& I T
S . B

-

LU VARt

/r"‘ -
ez 7
CALCi.

5T=FL"

INIZZ50
CALL *°

IHD =2
caLt =

4t e T Tt AT T
111ITINS PE~pTT-TR PASE 2
-
-
~—

f,C,"C(E,Z“FN 0,1.153)

T OTTTT ML IM SIOMLITIS
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TOETPAN IV-FPLUS VTT-L TLeRTiG 23-571-73 PAGE 3 1
2. FTH /TRIBLACKSALR 5
2053 . GO 7o 10 i
aest a5 COMTIHLE

c

c IF PROGRAM CRASHES PRINT STATUS Cit LAY OUT
0952 WRITE (5,200) I52(1).1SB(2), IDATA, 1EUF(INDX)

6es53 209  FORMAT(4112)
2854 195  COHTIHUE
88355 END

s S

3:
i
H

FROGRAM SECTIONS

HAME SIZE ATTRIBUTES

¢CODE1 001Ba6 275 RW. 1,CONLLCL }

SPDATA  QONLZE 49 RW.D.COHLLCL

$IDATA 003060 24 RW, D.COHLLCL $

TVARS ans3n 204 RW,D.CON.LCL

STEMPS 003002 1 RW.D.COH.LCL

TOTAL SPACE ALLOCATED = 002100 344

JIFF22=DIFF32
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'APPENDIX G

Program Listings: CASE8.FIN, CASESF.FTN, HONEYF.FIN, and BUITER.FIN

These programs all execute IIR filters on the pdp 11/45 with coefficients .
from the MAS/FIL program.
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- TRAN 1V-FLUT VE2-51 11:32:12  28~AFR-72 panT Ie
C LS. FTH STR:ELOCYSAR

: 2361 DIMENSICS IDUF(ES. TOTE(2), ISB(2),H(20),Y(28), %0203 , 57277
THIS PFOERE:] SYITVESIZES AND EXECUTES

AN INFINITE HPULES RESPONSE FILTER WITH COSFEICIES™S
GEMERATED BY THE 11°0F L FROGRAN. THE FILTZPING Lpns

IS FOR THE COSE 13755 THERE 16 MHLY OHE Nfhi-9E-0ag:s
WEIGHT 64D FOUR ™~ ' " 19T LTipey

A R R RS

-
Sadde

N IS THE HUITPER GF RECURSIVE LIEIGHTS
N=8

=
i)

<
1R8]

OO0 OO0

INITIALIZE DATA MNARTRIX FOR FILTER
£an3 pr 238 I=1,H

2294 Y(I1)=0.0

<4205 Xe1y=0.2

%206 299 COHTIH“"

C SET H COEFFILIENTS
2267 Prl)= 7.4212016

LY H{2)=-1.0702e8
ooz H(3)= 44,226220
7910 H{4) =-52.63%055
1311 H(S)= 33,6.5213

gaz H({E) =18,
2013 H(F)= 5.00:7374
fg14 H(8)= -, %

PO e st o Sl e e it

oo

SET G CCLEFFICITT

an1s G(O)= 0014570 51
: 26 G(1) ==.6O37 154555
: il e G(2)= 023574271
¢ e G(3)==.03531459
: 019 G(4y= 115916724
: 00 G(SY=5L(TY
’ S| G(EY=G(

LN G(FY=G(i)

M3 G@=0(M

MITIALIZE LRECRRTOMY PERIPHERAL SYSTEM

o0 o0

oy CHLL AZLSLH (1, 158y
PESICHATE CUTPUT DAZ THAMNEL FOR DATEL 285
g ICHA =
. C

.¢ 1 !
‘;i

“\:{.

IRy

SR ok

3w
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R RSl

i

RS
ol
Sl

B

P




TR e RS
|
“TRAN IV-PLUS vB2-7° 11:32:12 | 23-27F- 75 PRZE 2
DNGEB. /

FTH TRELODT T

DESIGNATE TZ27 1777 " 77 LFS!L FLRG SET
IEF!=7

oy

c
€
c
c
c

Psan N cqr LE PERIOD IN MILLISECONDS
502 RITE (5,30

i
\

[

™
N,

Z029 READR (5,31) IRATE(R:
2D 31 FORNAT (16

:

(e W]

PUT LPS1I RIS R0OUTIT IN SIZCONDS SAMPLING MODE
IRARTE(12=3

v

]
o)
—

MM O0

8 CALL RTSC(IBUF.6.E,IPRTE. IEFN.B, 1. ISR
“URE IHpX=5

CALL WAITFRCIEFN

CALL CLRPEF{IZIN

e SIGHR=INUF 1DD

51 ]

SCALE IN WOLTS

O 00

TUEY KO = 10000, V(L IGMA-2042. ) -18008.
N SUt=0. 7
CTER poezr o ieii
vean TEnT MAESEES
QL e At Y]
20 coe H
[ .
- —
T e
&t h
99 CU;;IL;:
SHNE RS e o)
Y1) =500
IRATR=030.0 L)

kR 1{C(‘,343 SHMLSUMZ L Y (1) L TERM. TURM
c1tl3

345 FoepaT 1

.l

€ SAWT DENUPSIVE TERMS

528 38 FUEVQT(‘*GHTEP SAMPLE PERICD IN SELOHDS-INTERER

)
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e

*CETRAN
o EBLF

254
55
GOS6
157

Y h
it

038

Pelat
p »3

P
poy ]
B3
2

Pl
AR )
(1}
ol

20 N s
1 Gy M

e RS IS

(52 IS NS V)

<
[ T

STONEL
SROIATA
FINATH

L
WRRS

1“=-PLUS VB2-S
™ ZTR:BLOCHT/ZWR

PO S44 [=0.M

YOIH2) =Y (I+1)

XKCI+D =MD
544 CONTINIE

Qo

CALL LENCIRATA)

CALL ROUTIZ 70

noo (o Rw]

AL TST FTTUTERS
[

3

FevL IDR o TV

R SRR

“1:32:12 23-APR-78

CALL LP511 LED DISTLAY ROUTIMT

~GTT T PESULT TC DATEL 256
e

F~m LPS11

n TN FQR MEMT 32MTLE

C
€ CHECK ©  ~ JITISTEIN 72 "770ER 1D
C prny T -

IF (IR .
IF (1S 2 hkad,

IF CIIn{ = m

6N v oG
] CoUT IHUE

WRITE (5.200) 1
oo FOPMITCATIZY
95 CONTINUE

EHD

2

C

€ IF PROGRAM CPASH
c

2

1

anlsso 64
cooing 3
aanisy 2

ONoLGeEs ar

aTeTUs Ty CORPECT

3 JETY
Y

'y
[

"
3

PRINT STATUS ON LAY QUT
VL ISBC2YL IDATA, IBUF (INDX)

=3
!

ATTRIBUTES

Rt ILCON.LCL
P DL CoN.LE

R, D, COHL LEL
RLL D.CON.LCL

TOTAL SPACE ALLOCATED = @02372 3V
CRSEZ=CASER

PAGE 3
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TITTRAN IV-PLUS VD2E-SO 118013218 F2-APR-7B PAGE 1
CASESF.FTN /TRIELOCKEAAL
HRMAR DIMENSION IBUF(6), IFRATE(2), 153021, H(20),Y(20),X(25).6(28)

3 PPOGRAM SYNTRESIZTS @ND ENITUTES
QN IN"IHIFL [PULSE PESPONSE FILTER WITH COEFFICIENTS3 ‘
GEMEPRTED BY THE HATFIL PROGRAM. THE FILTERING LOOP
IS FI THE CASE 'MEPE THERE IS OMLY ONE NOM-RECURSIVE
WSIGMT SND FOUR RECUPSIVE WEIGHTS.

AR o R s S e e

H IS TV NUMNEER COF RCCLRSIVE LEIGHTS
N=8

0992

OO0 OO0

INITIALIZE DATA MATRIXK FOR FILTER
con3 DO 299 I=1.N

astulal Yi{1)=0,0 .
0n2s ¥(1)=0.0

853 comTINuE

Lt rdern et M

SRS
~
1.
<3
o
PR R N I S s

O0ON

SET H COEFFICIENTS §
goar H(1)= 7.4013016 : 3
A H{2)==-24.070092 : %
B H(3) = 2, Q06080 ' /%
2310 H(a)=-52,63806% - Y
£011 H(5Y= Z3,645213 3
2012 H(G)=~18.7-140%4 g
213 H(P)=  5.0065574 | §
“n14 H(S)= -.GDBELIS , i
c -
c SET G COEFFICITHTS :
715 GO = 001497 T35] 3
G Gf1)=—.0087 1S 785 i
goty G(Z)= LCOTSTOT] %
i G(Z)=m, P30 0500
0o19 GLII = LEAELITTR
Az 30 S5 =6
aaz G(6) =613
022 BT =6(1
L33 G(8) =5 (0

INITIAL LT LORCraTORY PERIPHENAL SYSTEM

[ Mo} [on Mow ]

oazd CaLL psl-o™ o 15B)
PESIGHATE QUTRUT DAL CHAMIEL FOR DATEL 296
gAals IcHal=0

L)
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et G TR S e b e o i

TRTRGN IV-PLUS vY92-51

IOBESF.FTH

gaz?
gaze
2823
830

8031

ea32
a033
€034
O3S
0836

0ns?

2338
39
0248

041
0242
2543
6044
£045
045
0047
6048
653
050

Q151

cesz
833

O0O0On (e N}

S0

10
15

20

11:135:18 Z23-8PR-78

/TR:BLOCKSZWR

DESIGMRTE REGISTER FOR LPS11 FL~G SET
IEFN=7

READ IN SAMFLE PERIOD IM MILLISECOHDS
WRITE (5,30

38 FORIAT( SEHTER SANPLE PERIOD IN MILL ISECCNDS-INTEGER

READ (5,31 IRATE(Z)

31 FORMAT (I

PUT LPS1! RTS ROUTINHE I MILLISECONDS SAPMPLING MODE
IRATE(1) =2

CALL RTS(IBUF.6,0, IRATE. IEFII.0, 1. 158D
THDX=5

CALL WSITFRCIEFN)

CALL CLRLFCIEFND

SIGMA=IELU- CIHDED

SCALE IN YILTS

X = 18200, ¥ (S IEM/2048.)- 18200,

SuM=0.0
pr 23 I=1,N
TERH=H( ) %Y (]}

SUM=SUN +TERN

CONTINUE

SUNE=0.0

=121

DO 33 1=8.HN
TURM=G LI (O +XIN=1))
SUME =SUNIZ+TURTY

98 CoHTINUZ

SUMR=SLIIZ+E ¢ L 323X {NA2)
YOIy =S a0z
IDATR=309 .4V ( 1}

WRITE (S, 343) SUML.SUTIE, Y (1) . TERM. TURM

343 FOPDAT (SF10.3)

f
c

[N S Lo WY T T T r
SevE DPELRPIINE TEPRMS

")




AR R sl by v o -5 e

WD I

v AT

J2TPAN IV-PLUS v02-51 11:13:18  n2-anp-Te
TASESF .FTN /TR:ELACKS AR

2954 DO 544 1=0.H

1SS YOI42) =Y+

" 155 RO+ =501

naET

]

2058

COs59

D
R3
onsgd
S0ss
JURE

N
~n

Y

BOET
9058
R
Lave

PPOGRAM
NANE

ITODEL

SROATA

3ihATA

3 NG

544

o000 o aoo0n a0 o0

as

200
195

SECTIC

0a13E0
00N
gonrEe

Lf\EEL

CCHT IHUE

CALL LPS1t LED DISPLAY POUTINE
CALL LEDCIIATA)

CALL ROUTINE TO OUTPUT RESULT TO DATEL 2T5
CALL ITACCICHSN, IDOTAY

ADJUST POINTERS FCR LPSI1L
oD CLEAR MGLF BUFFER FDR NEXT SAMPLE
ChLL  RDILPSCIRUR. D)

INDX=THDN+L

CHECK 5% 7.3 REGILTER FOR PRIPER 1/0
AND TERNINRTE 1F S75TU'S HOT CORRECT
IF (INDM.GT.6) INDN=S

P (ISE(2).GE.1) &0 T0 10

IF (ISR(1).NE.D' GO TO 395

60 TO 19

LONTINUE

IF PROCNEN CRATVLD PRIVT STATLS ON LAY oUW
PRITE (S.Z2000 780y 12202 17O TRL 18U (INTXY

TOTEATSI LS

COHTINUE

EMD

Ha

-z AT ™ IBUTES
364 RW. 1,.00M. LT
34 R D,LU sk
Sa R b, S LCL
18y [ 00 FOEINE NS I 1 i

10TRL SPACE ALLOCATED = RA2ITS £33

.CRRESF=

CRSEAF
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%
cQrTRAN 1Y-PLUS vN2-51 11::2:33 28-87R-73 PASE 1
“OMEYF JFTN /TRIBLOCKS AP
2093 DIMEHSION 1707 (6, IRATE(2), 15312),H(33).,Y(5D)
c )
c THIS PROGRAIT SYHTHES 753 £MD EVECUTES
c AN INE I3 YTE IMPULSE FTIFONSE TILTER WITH COSFEICIENTS
c GENERATCD BY THE NGCFIL PROGRAIM. THE FILTERING LOOP
c 5 FOR THE CASE LMHERD THERE IS QUILY ONZ NUM-RECURSIVE
c WEIGHT AND FOUR RECUFZIVE WEIGHTS,
c
c
C N IS THE HUMBER OF RECURSIVE WEIGHTS
292 N=S
c
c
c
c INITIARLIZE DATR MATRI) FOR FILTER
epun3 DO 299 I-=1.H
to0g Y(1)=0.0
£2N5 299  CONTINLE
C
c SET H corFCXCIrHTS
T0as H(1)=,8247¢7;:
2007 H(2) ==, gEmanaT
~7338 H(3)=.3rf*""f |
099 H(Ay ==, ) 7uernie ;
2210 H(S) =, £33054254 ;
c L
¢ ,
C SET 6 COEFFICIENT
911 G=.52271373
C
c INITIALIZE LABCERTORY PERIFHERAL SYSTEM
112 CALL ASLELN (1.152)
c
c DESIGHATE CUTFUT NAC CHAMEL FOR DATEL 256
g3 ICHAN=0
C
C PESIGHATE REGISTER FOR LPS1] FLOG SET
o4 IEFN=7
C .
C READ 1IN CHHDLE FERIOD I MILLISECCNDS
£S5 LRITE (5,20
sa1s 30 FOrnTCS EEHTZ’ SLE RPERIOD I OMILLISELOMDS-INTERER %)
PO FEAD (5.31) FATEC) :
018 31 FORTIAT (16 :
c l
C :
C PUT LPAIT 2773 FOUTINE IM SECONDS SAMPLING Maps
~n19 IRATECT) =2
131
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FTAT L

Py RPN I i s SRR i

s
ot vy e PR

FORTRAN IV-RLUS ypa-51

HRd 9. WD memes e ”
114033 22N E-TE PRGE 2

P eyt g
RO T i S e e

ST gy

e

N SN AT S

SR

4 Cr s mn Ay ceamim et

CHEYFLFTH

2a20
6921
B2z
Q223
0324

8e2s

c
c
c
C
se
134
15

C
C

OCcoO

CTRIELOCKY -

CALL RT3 CIRUF,E.0, IRATE, 1IEFIL E. . 188

NpX=5

CALL WITFROINES
CRLL r|nnr(]wruj
SIGMA=TBUF (TN )

SCALE 1IN VOLTS

X=10000,4(S1G1A 2048, ) ~ 10020

SuUI=p. 0
DO 20 1=1.M
TERM=H{I>ay( 1)

£p29 SUM=SUN +TERM
o030 20 COMTINLE
0931 Y1) =SUMHG v
a3z IDNTA=Y(1)
c
c SHVE PECURSIVE TERNS
3233 DO Sa4 1=1,0-1t
: a4 Y(I+D=v (]
3 £azs S4a CONTINUE
. Ef C 0
c CALL L™ " LED DISRLAY ROUTINE ?
; 20328 CALL L (12T |
“ c CALL POUTINE T H'TPUT ;
<037 CALL IPPCrICHAN, ITATH)

ADJUSTY & 0TERT Con

AND CLER? HULF [“F.E
CALL  RINLPSCIELE, 1

73!“

C
#0373 INDX= TN+
y
c CHECK STRTUS REDISTRP FOR
c RUED TEPHIMATE 18 -amirs
2049 1F (inrn.GT.aw PR
[ £191 IF (1% JGEL 1Y w0 Th 1D
: C0a2 IF (xqfrx) HE.R' & (o 95
& o043 LD TO 1D
g NN a5 COMTINE

i i o



s """“; ot Y - W"

ST A
[

¥

b
A
3
N
it
&5
e

“CATRAN IV=FPLUS vl 240
. HONESYT JFTH TR ELOCHS AR

R

ATN=7E FASE 3

N3t RO A L
AL SO T

C

c IF PROGPAIT CRASHES FRINT STATUS OH LAY QUT 3
745 LRITE (§,260) ISEC1),173(2). IDATA, IBLUF(INDX) ' g
36 200 FORMATAIL2)

coar 195  COHTINUE

043 - EHD

B O S S S

PROGRAM SECTIONS

A

NAIE SIZE ATTRIBUTES
ICODEY  DDOQP4D 249
SEOETA S BRNBSY 29
SIDATA  BBALAS 51
SVARS BovEIs 206
LTCMPS  B0A3N2 1

R’.’.’p I . ’:O”: LCL
Rid, DL, COHL LCL
RUL D, COHLLCL
RUW. D 2o, LCL
RW.N.COH.LCL

TOTAL SPACE ALLOCATED = CBZD14

wn
—
3

1 »HONHEYF =HONEWF

Pt psiaen i o T MR B R e
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Sados

e
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4
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FUNTRAN IV-FLUS VD2-51 11:28:55  28-APP-73 PAGE 1
SUTTER.FTH ZTRIPLOCKSANR
2251 DIMENSION IEUF(S), IPATE(2), ISB(2),H{IN), YI6D)
C
c THIS PROGRAM SYNTHESIZES AMD EXECUTES
c Al IMFINITE INPULSE RESPONSE FILTER WITH COEFFICIENTS
C . GENERATED BY THE MACFIL FnOG”HH THE FILTIRING LDOP
c 1S FOR THE CASE MSERE THEPE 1S OMLY DONZ HON-RECURSIVE
c WEIGHT AND FOUR RECURSIVE WEIGHTS,
c
C
c N IS THE MUMBER OF RECURSIVE UEIGHTS
o2 N=S
c
c
c
c INTTIALIZE DATA MATRIX FOR FILTER
2203 DU 299 I=1.1
1794 Y(1)=0.0
=e5 293 CONTIMUE
c
C SET H COEFFICIENTS
- ¥35 H(1) =, 92476581 _
, e H(2) =-, 68522953
i h(b)-.‘”‘T‘q”’
boooe H(4) = 211c
Priva H(S) =, 530 - 153
; c
g C
¢ c SET G TR e
RSS! G=.S207
i C
i c INITISL IS 7 ==y PERIFHEPAL SYSTEM
MRE CALL AILSLE .+ . 1SE)
c
C DESIGHATE DUTPUT DAC CHAHMEL FOR DATEL 256
Coeoas ICHAN =0
C
C DESIGHSTE FEGISTER FOR LPS11 FLAG SET
, T IEFN=7
. C
| C SPECIFY TIMS PETUSEN SPMPLES IN MILLISECONDS
boolm IRATE (D) =1
; C
: c FUT LFZ11 PTS ROUTINE IN NILLISECCHD SAIFLING MODE
R IRATE (1) =
: C
’ c
! c CALCULATE SANALE IMTERVAL IN SECONC?RG
: - Sr=FLOAT(IFSTE(2)) .7 1005,
140
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'

3918
4313
720
tE21
8322

an24
2025
2226

027
0028
029
£aza

2731
0332

-'-_,

NJ

rr e b Rk e 50 g Wi, S i

R TP N . LA TP Bt i BRI A
B T AR i) P s b s

[
=2

! .
R T
v

" ) #2334

. 535
%

T

¢ SRTRAN IY-PLUT 2
S UTTERLFTH ey

Wweoo

ALL RTSCI2UF.€.8, IRATE, [EFY. 8, 1, ISB)
11:D¥=5

18 CALL VAITFECIEFN)

1S C:iLl CLREFZISFID

- SIGIA=IBYF L INDX)

c SCALE IN YW2LU75
X=10090.%(5:31%3/2242,3) 10000,

Do 20 1=1.H
TERM=H(1)#Y (1)

SInt1=SUM +TESH
28 CHTINUE
Y =TERM+T ™
IDETA=Y(L1)

c SRV FRECUT= VT TERMS
DO Seatd [=1.1i-1
YOI =Y
544 Cor N

catt LPS1] LED DISPLAY POUTINE
CALL LeddIiaTRY

CeLL ROUTINT 70 QUTPUT Fe3LT TO DATEL
CaLL IDACCICH 1L IDATAD

’J’

296

HTEDS FOR LPSLHL
ﬁ“ﬂ T H3 F f FFL’ FOR HENY SRIFLE

[ NeRe (a3 w a0

()

INT. HDM-1

CHECK STRTUS 7S
AND TEFMINATE ]
IF (IHDN.GT.&)
IF (ISEC(2). GF..J
IF ¢Isa bz
G0 Ta 14

85 CoHT MUz

ey

OO0

ER FOR PROPER 1.0
TATUS HOT CORFECT
.;.

H

Gl
F
HE

<

K )

b

G 5 u‘)

WO

0
0

0 -
w

c
C IF PPROCERIG CPOSUES PRINT STRTUS G WAY OUT

B s e Tm e vt

R N e

£
o
4
B

it 4 o

& it e S PREORTIE Y R R

T3 tran BN P ukesd




PRGN K Sy
T A EA AR %

FLuRTRAN TY-PLUS ¥in2-51 11:28:55 ZB-AFR~78 PAGE 3
LUINIERFTH /TR:BLOCKSZLR
»343 LRITE (S5,2080 1SB(1), 152722, IPATA. ISUF CINDX

‘pa4 228 FORMAT(4112)
2345 195  COMIIve
£946 END :

FROGRAM SECTIOHS

3
HAME S1ZE ATTRIBUTES
»ODE1 6888716 231 RUL. 1.C0.LCL
SPUATA B9850 20 RLL DLCGHLLCL
AIDATA  BLCE60 24 RLL D COYLLCL
SYRRS gra640 208 RN CONHLLCL
STEMPS  £0CB02 1 RuL L CoYL. LCL

TOTAL SPACE RLLOCATED = BGITI0 484

JSUTTER=BUTTED

P e

]
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APPENDIX H

The Datel 256 Driver Program: IDAC.MAC

The following assembly language program IDAC takes values from the
filter execution progrsms (EASY, JUNK, and NINE) and writes the results to

a2 digital to analog channel of the Datel 256 system. The call is:

CALL IDAC (ICHAN, IDATA)

where ICHAN is the channel number (0 to

15) and IDATA is the integer data
(~2048 to +2048).

The channel used now is 0, and the output pins are

12 = high and 11 = comnon.

random mode.

The channel or channels are addressed in the
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JTITLE IDAC
1pac:: 1OV (R5)+,R1 ;GET ARCUMENT FO® DAC

MOVB  #20,2%160010 ;PUT IN RANDGM MIDE

MOV @(R5)+,0%160812 $SPECIFY CHANNEL 1

MoV @(RS)+,0+160C 1 4 sWRITE YALUE TO DAC,START DAC

RTS PC ..

JEND

Program IDAC

TR R %

SR TR

[ S ST _»:rmn\”..mg .

A
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The original program for the Datel 256 system is shown
here only for the record. In order to do what needed to be done,
the Datel had to be programmed to constantly switch between the
block mode for the synchronous inputs and the register mode for the
asynchronous outputs. For this reason, this plan was abandoned and

the LP511 system was used instead. The Datel 256 system is a good

general purpose pilece of equipment, but unfortunately, the particular

interface to the pdp 11/45 is not particularly suitable for the
digital filter task. At the time the Datel 256 system was originally
purchased to work with the SELS10B or the HP2114B, it could not |
have been foreseen that its use in a closed loop system ip conjunc~

tion with the pdp 11/45 would be so difficult.

Hovever, since both the Datel 256 system and LPS1l system
are available, it appears now that a suitable functional configura-
tion cag be obtained by using the LSP1l system with its ADC's and
real-time clock for input, and the pdp 11/45 for processing, and
the Datel 256 system for the DAC output. A signal flowchart of
this configuration is shown in figure 4-1. Théoriginal code written
to drive the Datel 256 system consisting of the following key
instructions:

MOV #2000, R1 Load DMA memory start address into

register 1

0V #1, R2 Load word count into register 2

|

3

5

gt v w

2,

LB e - 40
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1000,@
MOV R2,@#760014

MOV £60,@
#
MOV R1, G
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